Population growth and the increasing demand for recreational opportunities have put public and political pressure on water purveyors to make every water body available for multipurpose use. There is increasing evidence that full water-body contact recreation such as swimming, and water/jet skiing may add significantly more microorganisms such as viruses, Giardia, and Cryptosporidium to a water body when compared with non-body contact recreational waters. Body-contact recreation also poses a risk to the consumer inadvertently ingesting contaminated water. Waterborne disease outbreaks caused by recreation are well documented with the endemic rate and the risk level to the public estimated to be very high. Since 1989, 171 outbreaks, associated with recreational water, have been documented in the USA with more than 15,000 individuals infected; these outbreaks occurred in both natural and artificial settings.
Introduction
Nearly 182 million people, or 67% of the population of the United States, are provided with drinking water originating from surface water sources (EPA, 2005) . Many of these surface water systems rely on protected sources, off limits for human activities such as swimming, boating, and camping, to ensure a safe water supply. However, due in part to population growth and increased demand for recreation on water bodies, public and political pressure is pressing water purveyors to make nearly every water body available for multipurpose use.
Recreational use of water bodies peaks during the hot summer months, coinciding with peak demands for drinking and irrigation water. There is increasing evidence that full water-body contact recreation such as swimming, wading, water/jet skiing, and other such activities may add significantly more microorganisms to the water body as compared with other water bodies closed to recreation. Microorganisms such as viruses, Giardia, and Cryptosporidium are of special concern because traditional disinfection methods are not as effective at treating/inactivating these organisms. Water-body contact recreation can also be a pathway for the public to inadvertently ingest these microorganisms, which often results in serious illness or death. Thus, water purveyors and the public both have a marked interest in protecting surface water sources from contamination.
The headlining issue facing the public, water purveyors, and numerous governmental agencies is how to best provide a safe, reliable potable water supply while meeting the increased demand for recreation.
Discussion

Recreational risks
Waterborne disease outbreaks caused by recreational waters are well documented. Studies have estimated the endemic rate and the risk level to the public at very high numbers.
According to the US Food and Drug Administration (FDA), direct human surveys indicate a 2% prevalence of cryptosporidiosis, a disease caused by Cryptosporidium oocysts in North America. Serological surveys indicate that up to 80% of the population in the United States has had cryptosporidiosis at some point during their lives (FDA, 2003) . Figure 1 highlights the disease outbreaks associated with recreational waters during 2001 -2002. During the 2001-2002 years alone, the US Center for Disease Control (CDC) reported 61 outbreaks of disease associated with recreational water. This record number of outbreaks caused illnesses in an estimated 2,500 people, resulting in 61 hospitalizations and eight deaths (CDC, 2004) . Eight of the outbreaks were attributed to the ameba Naegleria fowleri causing the disease primary amebic meningoencephalitis (PAM), an inflammation in the brain. All eight cases were fatal, as they often are, and were associated with swimming in lakes and rivers. The significance of these eight cases is that infection by Naegleria fowleri is rare, with only 24 documented infections reported in the US from 1989 -2000.This occurrence represents nearly a two-fold increase in the number of infections from 2000 through 2002.
Outbreaks of waterborne diseases peak during the summer months. This may be attributable to the increased number of users of recreational waters during the hot summer months, especially during holiday weekends.
Studies performed on cryptosporidiosis and giardiasis cases in the United States during the last several years show a definitive increase in the number of reported cases over the summer months as opposed to the other seasons. Figure 2 outlines the reported cases of the two diseases over a three-to four-year time span (CDC, 2005) .
Regulatory requirements
There is increasing evidence that full water-body contact recreation such as swimming, wading, water/jet skiing, and other activities involving direct body contact with water may add significantly more microorganisms to those water bodies as compared to non-contact water bodies. Inputs from non-body contact recreation such as boating (leisure, canoe, or kayaking), camping, and other shoreline activities are usually significantly less but are also highly dependent upon factors such as the effectiveness of sanitation facilities along the shoreline.
While rates of infection from recreational waters may appear large and unbounded, numerous governmental agencies, standards, and proposed standards are seeking to limit the risk to the public of contracting a waterborne disease. For reservoirs in California where domestic water supplies are stored, water-body contact recreation is prohibited by law (California Code of Regulations (CCR Title 17)), except in limited instances. Additionally the California Department of Health Services (CDHS) is required to issue permits for any recreational activities occurring on these reservoirs. Depending upon the water body, location, and frequency of users, various microbial tests are recommended to ensure public safety. These tests sometimes show high coliform counts, resulting in the closure of the beach/water body for several days. These tests are typical for public ocean beaches throughout the coastal areas of the US and are required on reservoirs used for body-contact recreation.
In 2003, the US Environmental Protection Agency (EPA) proposed the Long-Term 2 Enhanced Surface Water Treatment Rule (LT2) to reduce incidences associated with Cryptosporidium and other pathogenic microorganisms in drinking water. The LT2 will supplement existing regulations by targeting additional Cryptosporidium treatment requirements to higher-risk systems. This regulation also contains provisions to mitigate risks from uncovered finished water storage facilities and to ensure that systems maintain microbial protections as they take steps to reduce the formation of disinfection byproducts. The LT2 was published with the Federal Register on January 5, 2006 (EPA, 2006) .
Provisions of the LT2 include varied treatment levels related to microbiological quality and source water protection methods such as optimizing water intake locations, livestock controls, waterfowl controls, recreation controls, and more. These protection methods can be seen as alternatives to additional water treatment trains. Utilities that use surface water as the primary means of potable water for their distribution systems can expect to find degraded water quality as recreational use of their water sources increases. Utilities that do not filter supplies are at greater risk from the impact of increased recreation. Viruses, Giardia, and Cryptosporidium oocysts, all potentially transmitted by humans, are largely of concern as traditional disinfection methods such as chlorine and ozone are not as effective in treating/inactivating these organisms. While the impact of water-body contact recreation has not been studied systematically, an "Assessment of enteric pathogen shedding by recreational activities" (Gerba, 1995 ) (MWD, 1996 concludes that: † Most enteric microbial shedding occurs during a person's first 15 minutes of contact with the water and infection rates are generally higher during the summer months; † From 10 to 30% of the public is infected with at least one enteric pathogen. Children and youth under the age of 18 have a greater incidence of enteric protozoan and viral infections than do adults; † The amount of feces shed (from fecal residue) in water averages 0.14 grams per person. The worst case is 10 grams per person; † The median concentration of enteric protozoa in feces is 10 6 per gram of feces in infected persons. The worst case is 10 7 per gram; † The average concentration of enteric viruses in feces is 10 9 per gram of feces in infected persons. The worst case is 10 12 per gram. In order to minimize public risk from outbreaks, either from recreational water or drinking water, a model was developed to help quantify the current risk. A Monte Carlo simulation technique can be used to assign individual recreator inputs of pathogens across the reservoir. It is first necessary to know the number of recreators, assume a rate of disease and a shedding frequency and quantity. This can then be translated into a risk assessment model for the public consuming the water. This model may be viewed conceptually in Figure 3 , where AFR represents the number of pathogens added to a system from an accidental fecal release (AFR).
Some of the control approaches available to address the impacts of recreation at reservoirs used for a potable water supply include the following actions: † Eliminate body contact recreation on the reservoir (potentially an unpopular action in many communities); † Demonstrate that source control measures at the recreation area together with proposed water treatment processes provide full compliance with water quality and public health standards; † Incorporate a second, upstream, raw water intake for water treatment plant design, separated from the area of the reservoir used for body contact recreation (where topography and flow patterns allow). This intake could be used until reservoir levels drop to where use of the downstream intake is required. Body contact recreation would be prohibited in the months when the downstream intake is in use; Figure 3 Conceptual biological risk assessment model P. Standish-Lee and E. Loboschefsky † Construct a separate swim lagoon and not allow body contact recreation in other parts of the reservoir; † Establish a user capacity (for both body-contact and boating use) that protects water quality and limits the number of visitors; † Monitor water quality and close the recreation area when instances of unsafe water quality conditions occur; † Limit the type of recreational activities occurring at the reservoir (e.g., allow only non-motorized boats); † Require self-regulation by participating clubs that regularly use the reservoir (e.g., trash pickup days, provide/distribute educational information). The CDHS has developed draft guidelines to minimize exposure risk to both drinking and recreational waters. These guidelines require detailed information about a water body, the watershed and the recreational activities that occur there. In addition, a control program for the water body along with best management practices (BMPs) for the area is prescribed.
Providing information about the locations of inlets, outlets and existing/proposed intakes for water treatment plants in a water body is essential in determining the type and amount of recreation that can occur there. The physical dimensions, water levels, residence times, prevailing flow directions and water quality data are also important parameters, especially if the water body is being used, or is planned for use, as a potable water source.
The CDHS draft guidelines suggest several major issues to address in establishing an effective control plan. The first and foremost is to establish visitor limits. For non-body contact waters, the limit may be based upon the capacity of the facilities (e.g. rest rooms, parking/camping spaces, etc.). For body contact reservoirs, the limit may be based upon the maximum amount of visitors allowed in the reservoir without exceeding a 10 24 risk of infection level in the drinking water supply. This risk level is highly site specific and will depend largely on the items noted in the preceding paragraph. Table 1 notes various parameters that should be known in order to maintain an effective control program for a water body. In lieu of any site specific model, CDHS draft guidelines recommend visitor capacity for water skiing/boating and swimming should be limited to 3.2 and 2.1 annual visitors per acre-ft of storage capacity, respectively. Table 2 indicates general water quality indicators and respective concentrations that warrant closure of the water body (CDHS, 2000) . utilities, regulatory agencies and the public must work together to ensure the current and future safety of local water supplies.
